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materials thereof exert on^stress of the channel portion in 
which the drain current flows. The standard dimensions 
(thickness) of the structures used in the sensitivity analysis 
were as follows. The gate length was 80 nm, the gate height 
was 150 nm, the film thickness of the film enclosing the gate 
electrode from the upper surface thereof was 50 nm, the side 
wall film thickness (portions contacting the silicon substrate) 
was 50 nm, the silicide film thickness was 30 nm, the STI trench 
width was 5 jxm , the STI trench depth was 350 nm, and the distance 
from the gate electrode to the STI was 0.62 jam. In the present 
specification, silicon nitride is expressed as SiN and silicon 
oxide is expressed as Si0 2 . A 

As a result, the present inventors ^demons trated that^ 
stress of the film (assuming an SiN film in the analysis) 
enclosing the gate electrode from the upper surface thereof 
and stress of the STI have a big influence on the stress of 
the channel portion (Fig. 6 and 7) . 

The present inventor sj^demons tr a ted that, in order for 
the stress of the channel portion to be fcheUcompression stress, 
the present invention could be achieved by increasing the area 
of the SiN, which serves as /inherent stress of compression 
covering the gate electrode, covering the transistor or by 
narrowing the STI trench width. 

In light of the above-described matters, it is preferable 
to^[conf igur e] the f ollowing^fsjtates). 
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In a semiconductor device including n-channel 
field- effect transistors and p-channel field-effect 
transistors formed on a silicon substrate, Qa^irec tion in which 
the drain current of the transistors mainly flows is parallel 
to a <100> crystal axis or to a direction equivalent to the 
<100> crystal axis, andj^residual stress (residual strain) of 
the channel portion of the n - channbl f ield - ef f ect trans is tor s 
is greater at the tensile stress .side ■ than^ residual stress 
(residual strain) of the channel portion of the p-channel 
field-effect transistors. 

^Additionally, in a semiconductor device including 
n-channel field-effect transistors and p-channel field-effect 
transistors formed on a silicon subs tra te , (a)|di rec t ion in which 
the drain current of the transistors mainly flows is parallel 
to a <100> crystal axis.or to a direction equivalent to the 
<100> crystal axis, ^residual stress (residual strain) of the 
channel portion of the n-channel field-effect transistors is 
tensile stress (tensile strain) , and^residual stress (residual 
strain) of the channel portion of the p-channel field-effect 
transistors in a direction along the direction in which the 
drain current flows is compression stress (compression strain) . 

Thus, because^ drain current characteristics of both the 
n-channel and the p-channel can be improved, it is possible 
to realize a semiconductor device that has excellent 
characteristics overall. 
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Also, the semiconductor device of the (invention (canj 



(realizej^a highly reliable semiconductor device in which defects 
are suppress ed . 

It should be noted that the axis equivalent to the <100> 
crystal axis is , for example, a<010>axis, a < 00 1 > axis , a 
< - 1 , 0 , 0 > axis, or a < 0 , - 1 , 0 > axis . ■ 

In order to achieve any of ;the above -describe d^(ft o d e sj/„ 
the following configurations are preferable. 

(1) The invention is^a semiconductor device^ includ 
n -channel field-effect transistors and p-channel field-effect 
transistors formed on a semiconductor subs t rate ,- wherein : V the 
transistors are disposed with a gate electrode and a source 
and a drain corresponding thereto; ^direction joining the source 
and the drain [is formed in a direc tion)^along a <100> crystal 
axis^or an axis equivalent to the <100> crystal axis; and 
compression strain is formed^in whichjcrystal strain of channel 
portions of the p-channel field-effect transistors is greater 
than^crystal strain of channel portions of the n-channel 
field-effect transistors. 

Specifically, the semiconductor device is characterized 

as 

in that|compression strain is formed in which^crys tal strain 

<\ 

in (th^dir ec t ion orthogonal to the direction joining the source 
and the drain in a surface parallel to a gate insulating film 
of the channel portions of the p-channel field-effect 
transistors is greater than^crystal strain of channel portions 
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of the n-channel f ield - ef f ec t transistors. More preferably, 
the semiconductor device is characterized in that, in addition 
to the above(,^compres s ion strain in which/crystal strain in 
(the)j(direc t ion orthogonal to the direct ion j oining the source 
and the drain is greater thanjl crystal strain of the channel 
portions of the n - channel f i eld-effect transis tors. 



Alternatively, it can be s a id t h a t-th e channel portions 
of the p- channel field- effect transistors in (tjhejjdirection 
orthogonal to the direction joining the source and the drain 
f orm^compr ess ion strain that is larger than that of the channel 



portions of the n - channel field - effect transistor s i n (the)^ 
direction orthogonal to the direction joining the source and 
the drain. More preferably ,^1'arge compression strain is also 
similarly formed in (thejj^direc tion parallel to the direction 
joining the source and the drain. 

Thus, it is possible to improve/ overall current 
characteristics of a semiconductor device^ disposed with 
n-channel field-effect transistors andp-channel field-effect 
transistors. Moreover, because adjustment changes of the 
insulating film do not inf luence^cur r ent characteristics, the 
above^s tructure can effectively achieve the|abovejj\ef f ects . It 
should be noted that , in the semiconductor device, the insulating 
film may include silicon nitride as a main component. 

(2) The [aboveTU(l) can also be a semiconductor device 
characterized in that^tensile strain is formed in which^crys tal 
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strain of channel portions of the n-channel field-effect 

A 

transistors is greater thanjcrystal strain of channel portions 
of the p-channel field-effect transistors. 

Here, it is prefer able for the direction along the axis 
to be paral lei to the ax is . However, -the direction is not 1 imi ted 
toJthe same). It is necessary for the direction to be disposed 
s o t hat the < 10 0 > axis /equivalent ax is di recti on i s clos er t h a n 
a direction (e.g., <110> or a direction equivalent thereto) 
of at least 45° to the axis. Moreover, it isj^more preferable 
for the direction to be disposed in a range of about ± 5° thereto^ 
even if i t is not strictly parallel^ as described above , due 
to manufacturing errors and other factors. 

The semiconductor device is characterized in that^tensile 
strain is formed in whichj^crys tal strain in directions parallel 
and orthogonal to the direction joining the source and the drain 
in the surface parallel to the gate insulating film of the channel 
portions of the n-channel f ield-ef f ect transistors is greater 
than that of^channel portions of the p-channel field-effect 
transistors . 

Alternatively, the channel portions of the n-channel 
field-effect transistors in the directions parallel and 
orthogonal to the direction joining the source and the drain 
form^tensile strain that is larger than that of the channel 
portions of the p-channel field-effect transistors in the 
directions parallel and orthogonal to the direction joining 
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the source and the drain. A 

(3) The invention is alsoja semiconductor de vi ce^inc ludij^j 
a semiconductor substrate, a gate electrode and plural 
transistors formed on the semiconductor substrate, the plural 
transis tors^jSisposed) wi th a drain and a source corresponding 
to the gate electrode, an insulating film formed above the 
transistors and having higher resistance thaii^the semiconductor 
substrate, with a direct ion j^i^n^n^t he source of the transistors 
and the corresponding draiiyQ^eing formed) in a direct ion along 
a < 1 00 > crystal axis^or an axis equivalent to the <100> crystal 
axis, the transistors including plural n- channel f ield^e f f eb t' 
transistors and plural p - channel -field - ef fee t transistors y/ttie, 
insulating film^(TncludingJ tensile stress, the insulating film 
that is formed in regions at the peripheries of the p-channel 
field - effect transistors and positioned in directions parallel 
and orthogonal to the direction joining the source and the drain 
including an insulating film that is thinner than the insulating 
film that is formed in regions at the peripheries of the n- channel 
field- effect transistors and positioned in directions parallel 
and orthogonal to the direction joining the source and the drain . 

(4) The semiconductor device may include an interlayer 
insulating film including an upper end above the insulating 
film and a wiring layer above the interlayer insulating film. 

(5) Alternatively, the^(above) ( 3 ) may be a semiconductor 
device characterized in that the insulating film that is thinner 
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than the insulating film formed at regions positioned between 
the first n-channel field-effect transistors and the second 
n-channel field-effect transistors is formed on^or not disposed 
on^field regions adjacent to the active regions of the p-channel 
field-effect transistors. 



(6) The semiconductor device may also be characterized 
in that an insulating film (I ncludingjjt ensile stress is formed 
at upper portions of the n-channel field-effect transistors 
and the p - channel f i eld - ef fee t transistors; and the insulating 
film that is thinner than the insulating film formed at regions 
positioned between first n - channel f ield - effect transis tors 
and second n - channel field-effect transistors is formed on^or 
not disposed on^field regions adjacent to active regions of 
the p-channel field-effect transistors, 

(7) In contrast to/y(3) , when the insulating f ilm(includes)ji 
compression stress, the semiconductor device may be 
characterized in that the insulating film^that is formed in 
regions at the peripheries of the n-channel field-effect 
transistors and^ positioned in directions parallel and 
orthogonal to the direction joining the source and the draiiTj 
includes an insulating film that is thinner than the insulating 
film that is formed in regions at the peripheries of the p - channel 
field - effect transistors an^positioned in directions parallel 
and orthogonal to the direction joining the source and the drain. 

The peripheries of the transistors can be regions between 
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the transistors and transistors positioned at the peripheries 
thereof. When the transistors are positioned as a group, the 
periphery of the transistors can be a peripheral region of the 

(8) Alternatively, the (above)J|(7 ) may be a semiconductor 
device characterized in that the insulating film that is thinner 
than the insulating film formed at regions positioned between 
first p-channe! field - e f feet transistors and second p - channel 
field- effect transistors is formed on^or not disposed on^field 
regions adjacent to the active regions of ' the n - channel 
fie Id -effect transistors . 

(9) The semiconductor device may also be characterized 
in that an insulating f ilm|ncluding^ompression stress is formed 
at upper portions of the n-channel field-effect transistors 
and the p-channel field-effect transistors, and the insulating 
film that is thinner than the insulating film formed at regions 
positioned between first p-channel field- effect transistors 
and second p-channel field-effect transistors is formed on^or 
not disposed on^field regions adjacent to active regions of 
the n-channel field-effect transistors. 

(10) The invention is also^a semiconductor device/^ 
includiW^ a semiconductor substrate, a gate electrode formed 
via element isolating regions, plural transistors disposed with 
a drain and a source corresponding to the gate electrode, the 
gate electrode and the transistors being formed on the 
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semiconductor substrate, an insulating film formed above the 
transistors, with a direction joining the source and the 
corresponding drain of the transistors [being formedj^in a 
direction along a <100> crystal axis^or an axis equivalent to 
the <100> crystal axis, the transistors including plural 
n-channel field- effect transistors and plural p - channel 
field- effect tr ansis tors , an d[a)>t rench width of the ele men t 
isolating regions adjacent to - the p - channel field - e f fee t 
transistors is narrower thah^trench width of the element 
isolating regions adjacent to the n - channel field-effect 
transistors . 

Thus, in addition to the effect of overall improvement, 
the invention can easily and effectively achieve the above- 
effectsi because the mask pattern is adjusted. 

(11) Also, in^(lO), the trench width of the element 
isolating regionsj that are adjacent to regions at which the 
p-channel field-effect transistors are formed and positioned 
in directions parallel and orthogonal to the direction joining 
the source and the drain^is narrower than the trench width of 
the element isolating regions that are adjacent to regions at 
which the n-channel field-effect transistors are formed and 
positioned in directions parallel and orthogonal to the 
direction joining the source aji^d^^hj ^dr a i n . 

(12) The invention is also^ a semiconductor device 
including n-channel field-effect transistors and p-channel 
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field-effect transistors formed on a substrate, wherein the 
Raman shift of Raman spec trome try^when a laser is irradiated 
onto channel portions of the n- channel field- effect transistors, 
is smaller than the Raman shift of Raman spe c t rome t ry A when a 
laser is irradiated onto channel portions of the p - channel- 
field-effect transistors. r 

(13) In y( ( 1 ) to (11) , the semiconductor device: may be 
characterized in that the insulating film includes silicon 
nitride as a main component . 

(14) The invention is also^a method of manufacturing a 

semiconductor device, the method comprising the steps of : 

forming, on a semiconductor substrate, n - channel field-effect 

transistors and p-channel field-effect transistors (disposed 

^it^ a gate electrode and a drain and a source corresponding 

to the gate electrode; depositing a stress control film so as 

to cover the field-effect transistors; depositing arid 

patterning a mask above the stress control film; etching the 

stress control film; depositing an interlayer insulating film 

after depositing the stress control film; and forming, above 

the interlayer insulating film, a wiring layer that electrically 

communicates with the transistors, wherein a direction that 

joins the source and the drain^s formed) in a direction along 

a <100> crystal axis.or an axis equivalent to the <100> crystal 

axis , itensilitty or compression strain is made to reside in the 
K 

stress control film, and channel portions of the p-channel 
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field-effect t rans i s t ors^in directions parallel and orthogonal 

to the direction joining the source and the drain\are formed 

A 

so as to include^compression strain that is larger than that 
of channel portions of the n- channel field- effect transistors 
in directions parallel and orthogonal to the direction joining 
the source and the dr ; ain. 

(15) In^(14) , the etching step removes the stress control^ 
film from regions forming contac t^jplugs^ and removes, or makes 
the stress control film thinner than^per ipher ies of then-channel 
field-effect transistors at peripheries of the p-channel 
field-effect transistors. v ■ ^ \ 

(16) The invention is also|a semiconductor device 
including a semiconductor substrate, a gate electrode and plural 
transistors formed on the semiconductor substrate, the 
trans i s tor s^(Si sposed witfija drain and a source corresponding 
to the gate electrode, and plural circuits disposed with the 
transistors, wherein a first circuit is disposed with a first 
transistor and a second circuit is disposed with a second 
transistor, a direction joining a corresponding drain and a 
source configuring the first transistor of the first circuit 

(Is formedj^in a direction along a <100> crystal axis of the 
substrate^or an axis equivalent to the <100> crystal axis, and 
a direction joining a corresponding drain and a source 

A (J 

configuring the second transistor of the second circui^ji^s formed/ 
in a direction along the <110> crystal axis of the substrate^ 
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or an axis equivalent to the <110> crystal axis. 

It should be noted that, in^(16), the first circuit is 
a memory and the second circuit is a peripheral circuity such 
asa lowvoltage circuit. Thememorycircuitmaybe, for example, 
an SRAM . 

By conf iguring the invention in this manner , it is possible 
to form a chip that has excellent speed, an excel 1 ent circui tv 
layout, and excellent manuf acturability . 

Also, it. is preferable to form a high-speed operating 
memory in a direction of the < 10 0 > axisjor an axis equivalent 
thereto, to form a constant voltage circuity of which the same 
high speed is not demandedjin a direction of the <110> axiSj 
or an axis equivalent thereto, and to dice the semiconductor 
substrate disposed with these circuits along a direction of 
the <110> axisjor an axis equivalent thereto. 

Upon searching well-known examples, the following related 
technologies were extracted [in order to apples tress - to ' the 
channel portions. However, in none of these technologies could 
be found anything^|of f ering) the configuration of the invention 
(pi\ ithe present application. A . . . i 

JP - A - 6 0 - 52 0 5 2 d i s c 1 o s e sj^ d i s po s ing a spinel layer under 

a p-channel portion and an Si0 2 layer under an n-channel portion 

to separately create channel portion substrate layers. 

JP-A-7-321222, JP-A-10-92947, JP-A-2000-243854, and 

A ***** 1 

JP-A-20O0 - 150699 d i s c 1 o s e (u_s i ngjj an SiGe layer, in which an Si 
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layer is disposed on the p - channel , and jusing^an Si layer, in 
which SiGe is disposed on the n-channel, to separately create 
channel portion substrate layers. However, because the layers 
are inserted in the substrate regions (regions underneath^regiori 
in which positive holes or electrons of the channel portions 
flow (e/g.., regions separated in the opposite direction from 
the gate insulating f i 1 m a b o ut ; 5 n m or mpr e f rom the in terf ace - 
with the gate insulating film)), there is the potential for 
defects to exert an influence on^ electrical characteristics^ 
such as^leal^currentyhen defects arise in the interface between 
the channels and the subs t rat e and i n e nd po r tipns . 
.Additionally, JP -A-2000- 3 65 67, J P -A - 2 0 0 0 -36605 , and 

JP* A- 2001 -24468 di sc los e^Jus ingQ LOCOS for element isolating 

<\ 

portions adjacent to transis tors^such asy^PMOS, controlling the 
oxidation amount thereof, and adding stress. However, because 
the elements are isolated by LOCOS, it is difficult to 
effectively apply this technology to high integration, the steps 
for separately, creating it from STI increase, and there is the 
potential f or^manuf ac turing costs to increase significantly. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a^plan pattern diagramj^par t ial enlarged view 
of Fig. 9) of a semiconductor device pertaining to a first 
embodiment of the invention; m^JU^c^L 

Fig. 2 is a graph showing experimental resul ts (o f^s tr es s 
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dependency of drain currents of n-channel and p-channel 

ik 

field-effect transistors in which [a^channel direction Is 
parallel to a <100> axis; 

Fig. 3 is a graph showing experimental result^fofj stres s 
dependency of drain currents of n-channel and p-channel 
field-effect transistors in which (a\j| channel direction is 



. parallel to a <110> axis; „ , . $j*y ' * 

Fig . 4 is a graph showing results in which^s tress of channel 
portions of each generation of gate lengths is analyzed; 

Fig. 5 is a graph showing expetimental results 
representing differences in dependency with respect to stress 
of / mutual conductance (Gm) resul ting from generations of 
field-effect transistors; 

Fig. 6 is a graph showing results in which the influence 
that intrinsic stress of an SiN film, which encloses a gate 
electrode from an upper surface thereof, exerts on stress of 
a channel portion is analyzed; 

Fig. 7 is a graph showing results in which the influence 
that stress originating with oxidation of STI exerts on stress 
of a channel portion is analyzed; 

Fig. 8 is an electrical circuit diagram of the 
semiconductor device pertaining to the first embodiment of the 
invention; 

Fig; 9 is a plan [pattern diagramj^of the semiconductor 
device pertaining to the first embodiment of this invention; 
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Figs. lOA, 100 and 106 are (pattern diagrams^showing a 
cross section of the semiconductor device pertaining to the 
first embodiment of the invention^; 

Fig. 11 is a^plan |pa 1 1 ern diagram)j(part ial enlarged view 

of Fig. 12) of another semiconductor device pertaining to the 

• • 1 ■ . ■ ■ ■ ■■' • • • • ' • 

first embodiment of the invention; 

.; Fig . 12 is a^plan^a t tern diagra^of the other semiconductor .*\*K.-vi 

device pertaining to the first embodiment of the invention ; 

Fig. 13 is a cross-sectional pattern diagra^showing|par ^ <x **i 

(of a) manufacturing process of the semiconductor -device 

pertaining to the first embodiment of the invention; 

Fig. 14 is a cross - sectiona^fpat tern diagram] showing ^art)^ ^J^p ^\ 

^o£^ the . manufacturing process of the semiconductor device 

pertaining to the first embodiment of the invention; 

Fig. 15 is a c r os s - s ec t i ona l^^pa 1 1 ern diag r am) show ing(par t)<^ <*&i> ^ 

\of) the manufacturing process of the semiconductor device 

pertaining to the first embodiment of the invention; 

Fig. 16 is a cross - sec tional^attern diagramjshowing Jpar t) **&-f ^\ 

|^f) the manufacturing process of the semiconductor device 

pertaining to the first embodiment of the invention; 

Fig. 1.7 is a cross - sec t ion a^|at tern diagram) showing [part) * 

£pf) the manufacturing process of the semiconductor device 

pertaining to the first embodiment of the invention; 

Fig. 18 is a^planjpa ttern diagram^pf a semiconductor device 

pertaining to a third embodiment of the invention; 
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Fi^. 19^(is a) cross - sectional^at tern diagram} of the 

semiconductor device pertaining to the third embodiment of the 

) jt^Ws iU^o k-K ^ S'%/^f^Jt^^ i5r 
invention^; 

Fig . 2 0 is a^plan pattern diagram^of a comparative example 
of the semiconductor device pertaining to the third embodiment 
of the invention; ■ 

Figs .2111 an d 2 11. a re ;,c r o s s - s e ct i.o n a l|p a t tern diagrams). - 
of the comparative example of the semiconductor device v a 

pertaining to the third embodiment of the invention^ ^ F ^ ; 

Fig . 22 is a^plan^a ttern diagf ramjpf a semiconductor device 
pertaining to a fourth embodiment of the /invention; 

Figs. 2 3* and 2 3b are cross - sec t ional^pat tern diagram^) 



of the semiconductor device pertaining to the fourth embodiment 

y jb&^ <dU~4 jlv^ A -ft ^ /?>-C^ SjL4^Jj*&^ j <a+* P^ei 
of the invention^; . 

Fig. 24 is a graph showing results in which the influence 

that film thickness of an SiN film, which encloses a gate 

electrode from an upper surface thereof, exerts on stress of 

a channel portion is analyzed. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A first embodiment of the invention will be described 
(below using}/Figs . l f 2, 6, 8, 9, 10* to 100, 11, 12 and 24. 

Fig. 1 is a pattern diagram (pattern diagram in which 
part (vicinity in a frame indicated by X) of Fig. 9 has been 
enlarged) of a plane layout of the semiconductor device of the 
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first embodiment of the invention; Fig. 2 is a graph showing 
stress dependency of drain currents of field - effect transistors 
in which (a)J[channel direction is a <100> axis direction; Fig. 
6 is a graphshowing results in which the influence that intrinsic 
stress of an SiN film, which encloses a gate electrode from 
an upper surface thereof ,.exerts on stress of a channel port ion 
(stress within a channel surface parallel to a drain current) J$ 
is analyzed; Fig. 8 is a diagram of .a . 2NAND circuit to which 
the present embodiment is applied; Fig. 9 is a pattern diagram 
of a plane layout of the semiconductor device of the present 
embodiment; and Figs .101,106 and 10<l are pattern diagrams 
showing a cross - sectional structure of the plane layout of Fig . 
lj^from A to^. ' F, ig . 11 is a pattern diagram ((Fig . 11. is a pa t ternj 
{diagram) in which part (vicinity within a frame indicated by 
X) of Fig. 12 has been enlarged) of a plane layout of a 
semiconductor device pertaining to another embodiment of the 
invention in a case where a stress control film is compression 
stress; and Fig. 24 is a graph showing results in which the 
influence that film thickness of an SiN film, which encloses 
a gate electrode from an upper surface thereof, exerts on stress 
of a channel portion (stress within a channel surface parallel 
to a drain current) is analyzed. 

The semiconductor device of the first embodiment of the 
invent ion includes , on a semiconductor substrate , plural active 
regions (element forming regions) enclosed by a field region 
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(element isolating region) , and transistors are formed in the 
active regions. The transistors are formed on a (100) surface 
of a silicon substrate, which is the semiconductor substrate, 
or/ya surface equivalent to the (100) surface. 

The semiconductor device includes a 2NAND circuit 
comprising two p-channel field- effect transistors PI and P2, 
in which ^k)\ channel d i r e c t i on i s par a 1 1 e 1 tt o a < 1 0 0 > c r ys t al 
axis, and two n-channel field-effect transistors Nl and N2 , 
These transistors Nl, N2 , PI arid P2 respectively correspond 
to transistors Nl , N2 , PI and P2 shown in Fig . 8 . 

In Fig . 1, one 2NAND circuit is configured by the p- channel 
field-effect transistor PI arid the n -channel field- effect 
transistor N2, which share a gate electrode FG, (S imilarly^the 
p-channel field-effect transistor P2 and the n-channel 
field-effect transistor Nl, a contact plug CONT f orjimproving 
electrical connection of the transistors, and wiring ML. Here, 
the p-channel field-effect transistors PI and P2 are formed 
on one active region ACT1, and the n-channel field-effect 
transistors Nl and N2 are formed on one active region ACT2 . 

The semiconductor device of the present embodiment has 
a pattern in which plural 2NAND circuits are continuous^line|f ( 
and repeated. That is, as shown in Fig. 9, the semiconductor 
device is configured by the p-channel field-effect transistors 
PI andP2, regions NMin which n-channel field - effect transistors 
that comprise the n-channel field-effect transistors Nl and 
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N2j^plurally repeatedly^ linefl jjare continuous, and regions PM 
in which thep-channel fie Id - effect transistors are continuous. 

Here, in the present embodiment, a stress control film 
209 isjf ilm^sjtressjof tensile stress and is formed as the plan 
pattern shown in Fig . 1 on each forming portion of the n- channel 
and p - channel field -effect transistors > That is ; of the stress 
control film covering the entire s u r f a c e o f X he c i r c u i t > layout > i- 
the semiconductor device is characterized in that the film is 
not formed on field regions enclosing the active regions of 
the p - channel field -effect transistors. j In the trans i s tor 
circuit shown in Fig. 1, the stress control film 209 is formed 
on portions other than on fields between active regions of the 
p-channel field-effect transistors, i.e., the stress control 
film is continuously formed^as far asjon other elements in the 
direction in which the n-channel f ield-ef f ect transistors are 
continuous . { 

When seen macroscopically, as in Fig. 9, slits (portions 
at which the film, is discontinuous) are formed in the stress 
control film 209 in the regions PM in which the p-channel 
field-effect transistors are plurally formed. 

Pattern diagrams in regard to cross-sectional structures 

A to D in the plane layout diagram of Fig. 1 are shown in Figs. 

& ft> Co) 

10A, 101 and 100. The semiconductor device of the present 
embodiment is configured by an n-channel field-effect 
transistor 210 and a p-channel field-effect transistor 230, 
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which are formed on a main surface of a si 1 icon subs trate 201, 
and the stress control film 209 , which is formed on upper surfaces 
of these transistors. 

The n-channel field-effect transistors are configured 
by n- source/drain (212, 213) formed on a p-well 211, a gate 
insulating film 214, and a gate electrode 215 . Sil icides 217 • 
and 218 are formed on an uppe r i s urfac e o f th e -yjg a t e jelectr od e 
215 and on upper surfaces of the source/ drain (212, 213) . The 
n- source/drain (I^source regions or drain regions represented 
by opposing^ 212 and 213 that sandwich the gate electrode 2 is^v X 
Because the difference between a source and a drain is^^ " 
(difference in]f rom where to where the electrical current f Iqwsj 
and because there is no basic structural difference, they are 
notated in thepresent specificationas source/drain (212, 21 3 ) . 
The p-channel field-effect transistors^describedfnext and also) 
subsequently are similar. 

(\ 

Channel portions are regions in which^drain current flows, 
and pic torially^ are regions in the vicinity of a surface of 
the semiconductor substrate positioned below the gate 
insulating film. For example, they correspond to regions^ 
shallower than 100 nm from the substrate surface. 

The p-channel field-effect transistors are configured 
by p - source/drain (232, 233 ) formed at an n-well 231, a gate 
insulating film 234, and a gate electrode 235 . Silicides 237 
and 238 are formed on an upper surface of the gate electrode 
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235 and on upper surfaces of the source/drain (232, 233 ) . Side 
walls 216 and 236, which comprise. silicon nitride (SiN) an< ^ 
silicon oxide film (Si0 2 ) , are formed at side walls of the gate 
insulating films 214 and 234, the gate electrodes 215 and 235, 
and the silicides 2 17 , 218 ,. 237 and 238. These transistors 
are insulated from other transistors by shallow trench 
isolations 2 02 compr i s ing^s il icon oxide film (Si0 2 ) or silicon 
nitride (SiN) . 

The gate insulating films 214 and 2 34 comprise a dielectric 
f ilmjsuch as silicon oxide [f^ilmj (Si0 2 ) , silicon nitride J(S iN) f 
titanium oxide (Ti0 2 ) , zirconium oxide (Zr0 2 ) y haf niuia |oxide ; 
(Hf0 2 ) , or tantalum pentoxide (Ta 2 0 5 ) , or a laminate striicture v; 
of these^. 

In a case where a direction joining the source and drain 
of the channel portions is disposed in the <100> axis direction 
of the semiconductor substrate, a longitudinal direction of 
the gate electrodes between the source and drain can be formed 
along the <100> axis direction of the semiconductor substrate 
or an axis direction equivalent thereto. 

The gate electrodes 215 and 235 comprise apolycrystalline 
silicon film, a metallic f ilmjsuch as tungsten (W) , platinum 
(Pt), or ruthenium (Ru) , or a laminate structure of these. 

The stress control film 209 is formed on the upper surfaces 
of the n-channel and p-channel field-effect transistors. 
Moreover, interlayer insulating films 203 and 200, which 
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comprise a BPSG (boron - doped phospho silicate glass) film, an 
SOG (spin on glass) film, a TEOS ( tetra - ethyl - oxide - s il ica te ) 
film, or a silicon oxide film formed by chemical vapor deposition 
or sputtering, and wiring 223 , in which electrical connection 
is effected by a contact plug 207 , are formed on an upper surface 
of the stress control film 209. ' 

Here, in the present embodiment,,^ ilm stress of the stress 
control film 209 is characterized in that it is^tensile stress, 
and the film comprises mainly silicon nitride (SiN)(^j and is 
formed by chemical vapor phase growth or sputtering v 

The stress control film 209 is formed discontinuous ly 

above the shallow trench isola tions^in cross section ( A - B cross 

section of Fig. 1, Fig. 10t) \ across the source/drain of the 

A ; 

p-channel field-effect transistors. For example, the stress 
control film^formed on two adjacent transistors/sandwichit^ 
a shallow trench isolation 2 02a^is discontinuous above the 
shallow trench isolation 202a. The stress control film formed 
on adjacent transistors is cont inuous^in cross section (C-D 
cross section of Fig. 1, Fig. 10|) j across the n-channel 
field-effect transistors. That is, the stress control film 
is continuous above the shallow trench isolations, e.g., above 
202d and 202e. 

As shown in the B-C cross section of Fig. 1, the stress 
control film 209 is discontinuous in cross section across the 
n-channel and the p-channel via the shallow trench isolations, 
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but portions hanging on the field regions become larger at the 
n-channel side. 

It is not unconditionally necessary for portions at which 
the stress control film is discontinuous to have absolutely 
no film. The filmjis made to be at least thinner thanjpor t ions 
other than those. It does not matter if a somewhat thin film 
is formed . More preferably V it; is desira b 1 e f o r t h e f i 1 m t o 
be thinned by 2 0% or more with respect to the thickness of the 
film formed on the source/drain of the n - channel field - effect 
transistors . Specifically/ i t i s preferable f or the thicknes s 
of the film on the source /drain o f the n-channel field - effect 
transistors to be greater than 50 nm, and more preferably to 
be 80 nm or more, and it is desirable; for the thickness of the 
film on fields adjacent to the active regions of the p-channel 
field-effect transistors to be 50 nm or more. 

The 2NAND circuit indicated in the present, embodiment 
jy(Is) an example in which the invention is applied to an actual 
electrical circuit layout. The plane layout may be one other 
than thatj^in the present embodiment^ an^the applied electrical 
circuit may be, for example, an AND circuit, atf NOR circuit, 
an OR circuit, or an input/output buffer circuit. Also, the 
structure, materials, and manuf ac tur ing me thod.o the r than tho s e 
of the stress control film^may be ones other than thosejin the 
present embodiment. 

The action and effects of the present embodiment will 
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be described below. 

^Improvement of|drain current (increasing drain current) 
of field-effect transistors has advanced over the years with 
respect to the development of semiconductor devices^such as 
LSI. The present inventors finade cleafli the .influence that 

' ,:, > y r<t ■ ' ^ ,- 

transistor structure factors exert onis tress of channel portions , 
and f^d is covered a me t h o d (fp r)|-i mprp v i n,<g X t h e [:> d r a i n ic urrent < o f ; 
transistors in which the channel direction becomes a <100> axis 
direction. V . ■: • '-<.-.''■'• 

Fig. 2 is a graph showing^ stress dependency .of drain, 
currents of field- effect -trans i s tors ,in V which the channel- 
direction is the <100> axis direction. From Fig; 2, it will 
be understood that, infthSn - channel field-effect transistors,, 
drain current is increased byAtensile stress in directions 
parallel and orthogonal to the channel/*,)' and ,in the p-channel 
field-effect transistors, Adrain current is increased byf 
compression stress in directions parallel and orthogonal to 
the channel . 

Fig. 6 is a graph showing results in which, in a 
field-effect transistor structure having a gate length of 0.08 



jim, the influence thatAstress of an SiN film, which covers the 

ML, 

upper surface of the gate electrode, exerts onjstress (stress 
within the channel surface in a direction parallel to the drain 
current) of a portion (channel) in which drain current flows 
is s tres s - analy z ed by a finite element method. From these 
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V . 

results, it (became^d ear that, when the film stress of the film 
covering the gate electrode becomes stronger at the tensile 
side, the stress of the channel portion also becomes stronger 
at the tensile side. 

This is because the film enclosing the gate electrode 
is formed to expand as far as the upper surface of the source 
drain region , and the t ens i 1 e s tres s ( compress i o n o f the film) 
of the film at this portion shifts the stress of the channel 
portion to the tensile side. 

Because the film is p.lanarly formed in an actual device 
^circuil^, biaxial stress , i . e., stress in directions parallel 
and orthogonal to the channel , acts on the channel portion of 
the transistors . In a case where the film (stress control film) , 
which covers the upper surface of the gate electrode in which 
film stress is^tensile stress, is formed evenly on the entire 
upper surfaces and peripheries of the transistors, the tensile 
stress acts in directions parallel and orthogonal to the channel 
portion of the transistors. Thus, because the source of the 
force becomes smaller by etching part of the stress control 
film and reducing the area covering the transistors, the tensile 
stress generated at the channel portion of the transistors is 
alleviated in directions parallel and orthogonal to the channel . 

When the plane layout of the stress control film is made 
appropriate in consideration of the results of stress dependency 
of the drain current s^shown in Fig. 2, it ^.s]|as follows. That 
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is, in (Ehe^ semiconduc tor device including (the^ n-channel 

field-effect transistors and (the) p-channel field-effect 

transistors, when the film stress of the film enclosing the 

gate electrode is^tensile stress, the film widely covers the 

gate electrode as far as peripheral regions in regard to the 

n-channel field-effect transistors. Thus, because it is 

possible to exert a strong tensile s tre s s i n d irections parallel 5 

and orthogonal to the channel at the channel portion of the 

n - channel field-effect transistors, it is possible to increase 

the drain current. 

The stress control film covers regions smaller than those 
'• ■; UjJj&fct 
at the n-channel field-effect transistor Qji regard)^ to the 

p-channel field-effect transistors. Because it is possible 

to alleviate tensile stress by covering minimal regions with 

the f ilm (because it is possible to ^iftjj stress to the compression 

side), an increase in drain current can be expected also in 

regard to the p-channel. 

Thus, by configuring the invention in this manner,^ 

A 

improvement of the drain currents of both the n-channel and 
the p-channel can be expected. For this reason, it is possible 
to improve^overall characteristics^. 

Conversely, in a case where the film stress of the film 
enclosing the gate electrode i s^compre s s ion stress, the stress 
control film covers regions smaller than those at the p-channel 
field-effect transistors (in regard)^ to the n-channel 
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field- effect transistors, and the film preferably covers 
minimal regions, so that the film widely covers as far as 
peripheral regions in regard to the ■ p - channel field-effect 
transistors. (Figs. 11, 12) 

As shown in Fig. 1, the semiconductor device of the first 
embodiment of the invention removes the stress control film 
o n t he fields corresponding tot h e a c t ive re g i p ns en cl o s e d b y 
the element isolating regions of the p- channel field-effect 
transistors from the stress control film of [the] tensile film 
stress covering the entire surface of the circuit. Thus, it 
is possible to reduce the tensile stress in the direction 
parallel to the channel of the p-channel field-effect 
transistors. With respect to other directions, it is possible 
to cause the tensile stress to act in regard to directions 
parallel and orthogonal to the channel of the n-channel 
field-effect transistors. 

■ • A J 

Therefore, because/biaxis direction stress within the 
channel surfaces of both the n-channel and p-channel 
field-effect transistors is controlled, the(ejfect thajt)drain 
currents caribe increased inboth the n-channel and thep-channel 
(Is obtainedj. 

Also, according to the present embodiment, it is 
preferable for the stress control film to be left at the n-channel 
field-effect transistors and the p-channel field-effect 
transistors and as far as regions in which contact holes are 
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formed. Thus, in a case where silicon nitride (SiN) is used 
for the stress control film 209, ^the effect that) the stress 
control film can also be used, after formation of the interlayer 
insulating film, as an etch^stopper when the contact holes are 
opened in the interlayer insulating film comprising a silicon 
oxide film for improving ||elec tricetr connection from upper layer 
wiring in the source and drain regions (l? obtained}. 

Also, becaus e K manuf ac tut 4tt(| of the stress control film 
described in the present embodiment can be conducted in a process 
that is the same as tha t f or f o rming s el f - aligning con tac t hoi es , 
it is possible to share a m a s k wi th the self - align i n g con t a c t 
holes. That is, after the; stress control film 2 09 has been 
evenly formed, the stress control film manufacturing process 
(removal of the stress control film above the shallow trench 
isolations 202c and 202b) can be conducted at the same time 
as the self - aligning contact holelf manufacturing process. A 
conventional process for conducting self -aligning contact may 
be continued with respect to subsequent manufacturing. In this 
manner, according to the invention, because a conventional 
process can be used simply by changing the mask layout, (the) 
(^effect that) a semiconductor device can be obtained at a low 
manufacturing cost (is obtained). 

The tensile stress exerted in the direction parallel to 
the channel of the p-channel field-effect transistors is 
preferably as small as possible. In other words, it is desirable 
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for the stress control film on the p-channel field-effect 
transistors to be formed on contact hole forming regions, i .e. , 
on portions used as self -aligning contact, and to not be formed 
on surrounding regions in which the element. is not formed. 

It is not unconditionally necessary for portions of the 
slits from which the stress control film has been removed to 
have absolutely no film . • It does not matter' if a somewhat :thin 
film is formed. Fig. 24 is a graph showing results in which/^ 
sensitivity is analyzed in regard to the film thickness of the 
stress control film (assuming that the ma terial Is S iN in which 
the intrinsic stress is tensile stress) similar to the analysis 
shown in Fig . 6 in regard to the influence of structural factors 
|exertingjon the stress of the channel portion in the transistors 
having a gate length of 0.08 |xm . It is clear that, with respect 
to the stress of the channel portion that has been shifted to 
the tensile stress side by the stress control film of the tensile 
stress, the effects of the stress control filmbecome drastically 
small when the film thickness of the stress control film becomes 
thinner thanSOnm. Itis (Ehough t)jpha t thefactthattheinfluence 
of the stress control film extending on the field regions from 
above the source/drain becomes small (the stress source becomes 
small) is one cause. 

Therefore, it is desirable to (thin}J|the thickness of the 
stress control film above the fields adjacent to the active 
regions of the p-channel field-effect transistors by 20% or 
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more .^hinner thar^jthe thickness of the film above the 
source/drain of the n-channel field- effect transistors. More 
preferably, the thickness of the film above the source/drain 
of the n-channel field-effect transistors is greater than 50 
nm, and even more preferably 80 nm or more. It is also desirable 
for the thickness of the film above the fields adjacent to the 
active regions of the p - c h a n n e 1 , f i eld- effect trans is tors to 
be 5 0 nm or less. 

With respect to the above-described comparison of film 

. .;' / . ■■■■■■■■ ^ ^ . . ... 

thickness, it i s^p^ef erabl e to compare^wi th the film formed 
on a NAND circuit ) used ^when , for example, the n -channel 
field-effect transistors and the p - channel field -effect 
transistors are opposed, as in the present embodiment. 

The standard dimensions (thickness) used in the 
sensitivity analyses of Figs. 6 and 24 {shown ir^the present 
embodiment are indicated below. The gate length is 80 nm, the 
gate height is 150 nm, the side wall film thickness (portion 
contacting silicon substrate) is 50 nm, the silicide film 
thickness is 30 nm, the STI trench width is 5 |xm , the STI trench 
depth is 3 50 nm, and the distance from the gate electrode to 
the STI is 0.62 jam. Because these dimensions are miniaturized 
in accompaniment with raising the performance of the 
semiconductor device, ^\ e j^^^^ n0t i nten( *ed (to limitjjthe 
application of the invention^ to these dimensions. 

In the semiconductor device including the n-channel 
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field- effect transistors and the p-channel field-effect 
transistors formed on the silicon substrate, the direction in 
which Qnainly) the drain current of the t rans i s tor s / f lows is 
parallel to the <100> crystal axis|or parallel to an axis 
equivalent to the < 100 > crystal axis. The Raman shift of Raman 
spedtrometry^when a laser is irradiated onto the channel portion 
of the n - channel f i e Id - e f f ee t trans i s tor s^is smaller than the 
Raman shift of Raman spectrometry when a laser is irradiated 
onto the channel portion of the p-channel field-effect 
transistors . . 

For example, the intervals in the crystal latticeywhen 
the channel portion of the n-channel field-effect transistors 
is observed with a TEM^are wider than the intervals in the crystal 
lattice when the channel portion of the p-channel f iel-d - ef f ec.t 
transistors is observed with a TEM. It is preferable to use, 
for each sample, samples formed along a direction that crosses 
the source/drain. 

Next, a second embodiment of the invention will be 
descr ibed^Qis ing^ Fig . loF and Figs. 13 to 17. The present 
embodiment (Is one that i sjjdescr ibed using Fig. 1GH, which is 
a representative cross-sectional structure of the first 
embodiment . 

The manufacturing method of the present embodiment is 
as follows . 

(1) The field-effect transistor 230 and the silicides 
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218 and 217 are formed on the silicon substrate 201, and the 
stress control film 209 is formed on the entire upper surface 
thereof . (Fig . 13) 

(2) A mask 204 that processes the stress control film 
209 is formed on the upper surface of the stress control film 
20 9 . The mask pattern serves in processing f or s tress con trol 
and processing for the formation of the contac tplugs 2 07 ... V (Fig. 

14) ; ' ' 

( 3 ) The stress control film 209 is processed by etching. 

'••(Fig . 15) . ' 

(4) The inter layer insula ting film 3 0 2 is formed, and 
holes are opened only at portions where the contact plugs 207 
are formed. (Fig. 16) 

(5) The contact plugs 207 are formed. (Fig. 17) 

(6) The upper surface wiring 223 and an interlayer 

& - 

insulating film 220 are formed. (Fig. lOlll) 

A 

According to the present embodiment, the (manuf actur ingj 
process of stress control of the stress control film 209 and 
the process of se 1 f - a 1 ign ing contact for forming the contact 
plugs can be conducted at the same time using the same mask. 
Therefore, [the effect thatj a highly reliable semiconductor 
device is obtained at a low manufacturing cost (is obtaine^. 

The manufacturing method indicated in the present 
embodiment is nothing more than an example of a method for 
manufacturing the first embodiment. The manufacturing method 
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of the first embodiment may be one other than that of the present 
embodiment . 

Next, athirdembodimentof the invention will be described 
/v(usingj Ficjs. 4 and 18 to Fig- 4 is a graph showing results 



in whichjs tress of channel portions of field-ef feet transistors 
of each generation of gate lengths is analyzed; Fig, 18 is a 
pattern diagram showing a plane layout of a semi conductor device 
pertaining to the third embodiment of the invention; Fig. 19W 
is a pattern diagram (cross section along the A - B line of Fig. 
18) of a cross section of the semiconductor device of the 
invention ; F ig .1 911 i s a pat tern diagram (cross section along 
the B - C line of Fig . 18 ) of the cross section of the semiconductor 
device of the invention; Fig. 20 is a pattern diagram showing 
a plane layout of a conventional semiconductor device; Fig. 
21^ is a pattern diagram (cross section along the A-B line of 
Fig. 20) of a cross section of the conventional semiconductor 
device; and Fig. 21f is a pattern diagram (cross section along 
the B-C line of Fig. 20) of a cross section of the semiconductor 
device of the invention. 

The difference between the present embodiment and the 
first embodiment is that, whereas the stress control of the 
channel portion was (conducted byj^the form of the stress control 
film in the first embodiment, the stress control i s^[conduc t edj 
QiyJ the trench width of STIs in the present embodiment. 

As shown in Fig . 18, the semiconductor device of the present 
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embodiment is a circuit in which plural p-channel field-effect 
transistors, in which the channel direction is parallel to the 
<100> axis, are disposed so as to be mutually adjacent via STIs 
on active ACT regions. 

Fig5. 19 A (shows al pattern diagrams (in regard to) 
cross- sectional .structures A t6|C in the plane layout of Fig . 
18 . The semiconductor device of the present embodiment is 
configured by plural p -channel field-effect transistors 230 
and shallow trench isolations ( ST I ) that isolate the transistors, 
which transistors and shallow trench isolations are formed on 
a ^main surface of the silicon substrate 201 . 

. The p - channel field -effect transistors are configured 

by p - source/drain (232 , 233 ) formed on the n-well 231, the gate 
insulating film 234 , and the gate electrode 235 . The silicides 
237 and 238 are formed on the upper surface of the gate electrode 
235 and on the upper surfaces of the source/drain (232 , 233 ) . 
The side wall 236 is formed on the gate insulating film 234 
and the gate electrode 235 and on the side wall of the silicides 
237 and 2 38. These transistors are insulated from other 
transistors by the shallow trench isolations 202. The same 
materials, method of film formation, and structural dimensions 
as those described in^the first embodiment may be used. 

Here, the trench width of the element isolating regions 

V 

-AO 

adjacent to the p-channel field-effect trans i s tor s (are^formed 
to be narrower than the trench width of the element isolating 
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regions adjacent to the n-channel field-effect transistors. 

As one example, it is preferable for the trench width 
of the STIs adjacent to the active regions of the p-channel 
field-effect transistors to be as narrow as possible. 
Specifically, it is preferable for the trench width to be 0.25 
jim or less, and more preferably to be a minimum manufacturing 
dimension in the s e miconductor device. 

The action and effects of : the semiconductor device of 
the present embodiment will be described below. 

; First , an example of a plane layout of a comparative example 
will be described using Figs .20/2 Ilk and 2 1ft . The plane layou t 
shows a circuit layout that is used in a portion of a semiconductor 
device constituted by complementary field-effect transistors 
and is constituted by [the) plural p-channel field-effect 
tr an sis tors. The channel direction is the <100> axis direction. 
The plural p-channel field-effect transistors are formed on 
plurally disposed active ACT regions via STIs (2021, 202m, 202n) 
so as to share source drain (2 32, 233) regions. The plane layout 
of the p-channel field-effect transistorsyy heavily used in 
semiconductor devices using complementary field-effect 
transistors^ such as PLL oscillators. 

As described above, the improvement of drain currents 
of field-effect transistors has become an issue in the 
development of semiconductor devices^ such as LSI. Thus, the 
present inventors conceived, on the basis of this knowledge, 
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a plane layout that improves drain currents using stress 
(strain) . 

The Shallow TrenchlW Isolation (STI) used for forming 
the complementary field- effect transistors is essential for 
isolating (th^elementj such as transistors^ electrically , but 
since the inside of/ trenches in the STI is easily oxidized to 
Joe c ur - thejj vo lume expan s ion , Hit h e STI is p ref e rab 1 y j a ma t er i a 1 
in generating the compression stress which is strong against 
the adjacent active: 

In the plane layout of the comparative example shown in 
Fig . 2 0 , the trench width of the STI s ( 2 0 2 1 , 2 0 2m ,, 2 0 2n ) in 
(the) ^direction orthogonal to the channel is not sufficiently 



controlled from the standpoint of stress. Moreover, in regard 
to the direction parallel to the channel, be caus extensile stress 
accompanying crystallization of the silicide 238 is generated, 
this is a factor that lowers the drain currents of the p-channel 
field-effect transistors. 

Thus, the present inventorsj^considered using the stress 
of the STIs to load stress on the channel portion and improve 
the drain currents. As described above, the stress of the STIs 
stems from cubical expansion resulting from^the insides of the 
shallow, narrow trenches formed in the silicon substrate 
(oxidizing). Because restraint with respect the cubical 
expansion becomes large when the trench width becomes narrow, 
the compression stress generated at adjacent active regions 
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becomes large* In the graphshowing changes in stress of channel 

Ax 

portions in each generation of ^gate length shown in Fig. 4, 
the reason stress increases when the miniaturization of design 
rules advances is because^ contribution resulting from (thl)*^ 
increase in stress stemming from oxidation due to the trenches 
of the STls becoming smaller is large. Particularly^ when, the 
trench width is 0 . 2 5 |xra or less / the increase in s tress becomes 
large v • .. 

In the semiconductor device of the present embodiment, 
•it is preferable to narrowjas much as poss iblejthe trench width 
ipf fethe STIs (2021, 202m, 202n) adjacent to the p - channel 
field-effect transistors (a distance to the next active region 
adjacent via STI) in (the)Jdirec tion parallel and orthogonal to 
the channel. Specifically, it is preferable for the trench 
width to be 0.25 \xm or less, and more preferably for the trench 
width to be a minimum structural dimension in the semiconductor 
device . 

As a result, because compression stress can be exerted 
to the channel portions in(the)direc t ions orthogonal and parallel 
to the channel, the effect that the drain currents can be 
increased is obtained. — 



Qlso, according to the third embodiment , (the effect thatp 
a conventional manufacturing process can be used as it is simply 
by altering the layout (Is obtainedj. 

The present embodiment (is one thaTj has been described 
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as one mode of the invention. The invention is characterized 

in that the trench width of the STIs adjacent to the p-channel 

field-effect transistors is as narrow as possible, preferably 

0.25 |xm or less, and more preferably a minimum structural 

dimension in the semiconductor device . The invention is no t 

limited to the PLL described in the conventional example . 

■^.7-.v-.Also> the present embodiment is one In ; w hie h the trench 

width of the STIs is made appropriate. The gate electrode and 

other structures may be different, from those in the present 

embodiment . ^ ; 

Next, a fourth embodiment 6f the invention will be 

described/using") Figs . 22, 2 3 tt and 23V . Fig. 22 is a pattern 

• J A ■ *S 

diagram showing a plane layout of a semiconductor device 

(*) 

pertaining to the fourth embodiment of the invention; Fig. 23* 
is a pattern diagram (cross section along the A - B line of Fig. 
22) of a cross section of the semiconductor . device of the 
invention; and Fig. 23* is a pattern diagram (cross section 
along the B-C line of Fig. 22) of the cross section of the 
semiconductor device of the invention. 

The difference between the present embodiment and the 
first embodiment is that, whereas the stress control of the 
channel portion was (conducted b^the form of the stress control 
film in the first embodiment, the stress control i s^gbnduc t ed) 
(by) the trench width of STIs in the present embodiment. The 
difference between the present embodiment and the third 
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embodiment is that the control of the trench width of the adjacent 
STI is carried out with the active forming no transistor 
(hereafterfT) referred jyas (£he)|duminy - ac t i ve ) . 

As shown in Fig . 2 2 , the semiconduc tor device of the present 
embodiment is a circuit configured by p-channel field-effect 
transistors in which the channel direction is the <100> axis 
direc t ion . The trench yid t h o ft he el emen t is o la ting regions 
adjacent to the p- channel f ield - ef f ec t transistors is narrower 
than the trench width of the element isolating regions adjacent 
to the n-chanhel field-effect transistors / --^ 

^For example, other transistors or dummy - ac tive regions 
ACT-DM are formed so that the trench width of the STIs adjacent 
to the active ACT regions formed by the transistors is preferably 
as narrow as possible, specifically 0.25 (am or less, and more 
preferably a minimum structural dimension in the semiconductor 
device. 

It is not necessary for the form of the dummy - active regions 
ACT-DM to be the same as that of the active ACT regions formed 
by the transistors. For example, the STI (202i) between the 
dummy-active regions does not have to be formed. 

The action and effects of the semiconductor device of 
the present embodiment will be described below. 

As in the third embodiment, when the p-channel 
field-effect transistors are formed in directions parallel and 
orthogonal to the channel, the drain currents can be increased 
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by changing the mutual disposition in order to narrow the trench 
width of the adjacent STIs. 

MIowever, when the p-channel f ield-eff ect'transistors are 
not formed at adjacent positions due to the positional 
relationship with other electrical circuits and the end portion 
of the circuit /application of the third embodiment is difficult . 

Thus , as in the present ^embodiment, the trench width of 
the STIs adjacent to the p-channel field-effect transistors 
can be narrowed by forming the dummy- active regions ACT -DM not 
formed by the transistors . 

Thus, because compression stress can be loaded at the 
p- channel field- effect transistors of the end portion of the 
circui t in both directions parallel and orthogonal to the channel, 
the effect that the drain currents can be increased (is), similar 
to the third embodiment ^obtain ed. ~*^ > 

^lso, according to the present embodiment, (the effect^' 
(that] a conventional manufacturing process can be used as it 
is simply by changing the layout similar to the third 

embodiment^ obtained^. 

According to the invention, it is possible to effectively 
realize, in a semiconductor device including n-channel 
field-effect transistors and p-channel field-effect 
transistors, a ' semiconductor device having excellent drain 
current characteristics of both ^ n-channel field-effect 
transistors and/p - channel field-effect transistors. 
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